This article examines the effects of agglomeration economies and industrial structure upon firm-level technical efficiency in the Indonesian manufacturing industry over the period [2004][2005][2006][2007][2008][2009]. A stochastic production frontier and three channels of agglomeration economies consist of specialization, diversity, and competition are used. The empirical results show that the effects of specialization and diversity upon firm-level technical efficiency are positive and negative respectively, indicating that specialization is more favourable than diversity for stimulating firms' technical efficiency.
Introduction
In general, agglomeration refers to the spatial concentration of economic activity in a limited area such as the spatial distribution of a specific industry (Brulhart 1998) . According to Marshall (1920) , firms concentrated due to the benefits of input sharing, labour market pooling and knowledge spillovers. Input sharing demonstrates the importance of the existence of the scale economies in input production. This condition allows down-stream firms to procure intermediate inputs from nearby companies or suppliers at relatively lower prices (Rosenthal and Strange 2004; Cohen and Paul 2009) . Holmes (1999) emphasizes that firms with high purchased input intensity will be more beneficial by locating close to input suppliers. The physical proximity to input sources would allow these firms to be more flexible in obtaining inputs based on the scale of their production. Even if the firms can purchase their inputs from distant regions; this could benefit local sources, because in some cases distant suppliers cannot meet the levels of demand (Feser 2002) . Labour market pooling is when workers have the flexibility to move among firms in an industry; this reduces job search cost and risk, decreases the cost of the hiring process (Cohen and Paul, 2009) , and facilitates mutual learning (Nakamura and Paul 2009) . Access to deep pools of labour is perhaps the most commonly recognized driver of spatial economies in the empirical work of agglomeration (Feser 2002) . The availability of skilled and experienced workers enables companies to expand and contract without any significant disturbances (Krugman 1991) .
Knowledge spillovers are possibly the most interesting of the micro-foundations of agglomeration, as these cover multiple areas of economics. Unlike the input sharing and labour pooling phenomena, empirically knowledge spillovers are difficult to identify (Rosenthal and Strange 2004) . The root of knowledge spillovers is the interaction of people. Feser (2002) explains that the knowledge spillovers consist of two types: mobile and immobile. The term "mobile knowledge spillovers" refers to the change of technological progress that occurs continually and effectively on a global scale. By their nature, innovations, learning processes and technological inventions generally influence industrial development. Immobile knowledge spillovers are concerned with the knowledge transfer processes that do not diffuse rapidly over space, perhaps due to their tacit characteristic. In line with Marshall, there are other sources of agglomeration proposed in the literature, such as transportation cost (Krugman 1991) , concentration of demand and natural advantage (Cohen and Paul 2009) , local amenities (Mukkala 2004; Greenstone et al. 2008) , home market effects, consumption and rent-seeking (Rosenthal and Strange 2004) .
The aim of this article is to examine the effects of agglomeration economies upon firm-level technical efficiency using manufacturing data from Indonesia over the period [2004] [2005] [2006] [2007] [2008] [2009] . The manufacturing industry in Indonesia is localized. In 2009, for instance, 76.62 percent of manufacturing value-added was concentrated on the Island of Java; furthermore, around 48.01 percent was produced in The Capital of Jakarta and the surrounding regions.
Furthermore, the distribution of manufacturing industry at district level was also highly concentrated only at the limited regions. The district is the third tier of administrative authority in Indonesia, and is equivalent to counties in China or the USA. In 2009, only the food and beverages industry (ISIC 15) and the wood products industry (ISIC 20) were distributed widely across districts, with coverage of 68.2 percent and 42.9 percent respectively. Other industries tended to be concentrated in small number of districts only. The limited empirical analysis on this issue in Indonesia affords a significant opportunity to explore the nature of agglomeration and its effects on firm-level technical efficiency.
The rest of the article is structured as follows. Section 2 describes the nature of agglomeration economies, followed by a discussion of Indonesia's industrial development and spatial concentration in Section 3. Section 4 explains the research methodology while Section 5 presents the data and the measurement of the variables. Section 6 discusses the empirical results and analysis. Section 7 concludes the article.
Agglomeration Economies and Externalities
Empirically, the effects of agglomeration economies upon firm-specific technical efficiency can be analysed within the framework of static and dynamic externalities. Agglomeration economies are recognized as the special type of spatial externalities. Externality is a spreading effect of one activity that affects another activity, but, importantly, this condition is not directly reflected in the mechanism of market prices (Griliches 1992; Beaudry and Schiffauerova 2009) . By their nature, externalities arise due to the interaction between economic agents, so that their effects should be most prominent when agents are in close physical proximity (Dekle 2002; Claver et al. 2012) . Static externalities refer to the benefit of firms from agglomeration within a single industry or within what are recognized as localization economies. These static externalities benefit from urban scale and diversity or urbanization. According to Marshall (1920) , the existence of such externalities is due mostly to access to natural resources, transport advantages, and the saving costs of moving inputs.
However, dynamic externalities arise primarily from dynamic interactions between firms or labour (Henderson et al. 1995) .
Dynamic externalities such as knowledge spillovers or learning by doing (Lucas 1988; Romer 1986 ) can be the driving-force for long-run economic and industrial growth (He and Pan 2010) . Similarly, Hoover (1937) argues that external economies might include localization economies that result from firms in the same industries being located in specific regions and urbanization economies, which result from the co-location of firms in different industries.
Because these external advantages tend to increase with the number and output of collocating firms, the phenomenon is usually referred to as agglomeration economies (Dawkins 2003; Glaeser et al. 1992) . From this point of view, agglomeration, externalities, and industrial development are an integrated chain, which plays an important role in promoting efficiency and productivity growth.
Following Glaeser et al. (1992) , three channels of agglomeration economies are analysed here: Marshall-Arrow-Romer (MAR) externalities or specialization, Jacobs' externalities or diversity, and Porter's externalities or competition. The MAR externalities stress the benefit of knowledge spillovers within an industry, where knowledge accumulated from one firm's sustainable interaction process tends to assist other firms' technological development without appropriate compensation. This process can take place in a geographically concentrated industry, where the producers can learn from each other employees communicating across firms and moving from one firm to another. Unlike MAR, Jacobs' externalities focus on industrial diversity as a source of growth, because the interchange of different ideas between firms in different industries is viewed as being more likely. Jacobs (1969) argues that the most prominent sources of knowledge spillovers are those resulting from interactions between firms from different industries in a particular region.
Finally, Porter's externalities mainly focus on the role of competition in local economic or industrial growth. As with the MAR model, Porter stresses the contribution of specialization to the growth of specialized industries, or of the region they are in, or of the spillovers from firms within the same industry (Glaeser et al. 1992) . Porter states that knowledge spillovers mostly occur in vertically-integrated industries, which is in line with the Marshallian specialization hypothesis (Beaudry and Schiffauerova 2009) . Conversely, regarding the innovation process, Porter agrees with Jacobs that local competition is good, because it supports imitation and innovation. Moreover, Porter argues that strong competition leads to innovation and accelerates the technical progress and hence productivity growth.
Industrial Development and Spatial Concentration in Indonesia
Modern industrial development in Indonesia was started in the early 1970s. Initially, this development was reliant on the oil sector and high levels of protection for state-owned enterprises (SOEs). The important achievement at the macro-level of Indonesia's economy has been its structural transformation (Hill 1990a) in this period. In a relatively short period, from the mid-1960s to just before the economic crisis in 1998, Indonesia's economy was transformed from being stagnant and dominated by the agrarian sector to containing a strong manufacturing industry with its exports driving sustained economic growth (Jacob 2005) . As well as national trends, an important phenomenon has been taking place at the regional level, namely the emergence of agglomeration or regional industrial concentration. For example, manufacturing development is concentrated on the Island of Java, whose share reaches around 80 percent. How firms tend to concentrate at specific regions is a topic of interest. From the structuralist point of view, this phenomenon could be due to an imbalance in regional development and distribution, so that particular regions obtain more benefit than others do. Moreover, from an externalities perspective, this phenomenon emerges due to the benefit received by economic agents for physical and regional proximity.
Geographically, Indonesia is an archipelagic country with around 13,000 islands. It is one of the most spatially diverse nations in terms of its natural resources, population, and the location of its economic activities. Manufacturing production and activities were mostly concentrated in Java, which had an average share of value-added of 79.0 percent during 1976-2009. The provinces of West Java, Jakarta, East Java, and Banten, dominated the share of value-added of manufacturing industry in Java while the contribution of Central Java province tended to decrease consistently from 1976 to 2009. In addition, Sumatera was the second largest island for manufacturing production activity, with the major contributors being North Sumatera, Riau, South Sumatera, and Riau Islands. In Kalimantan, the manufacturing industries tend to agglomerate in West Kalimantan and East Kalimantan, which are the two most developed provinces in this island. In Sulawesi, the concentration of industry is in South Sulawesi and North Sulawesi. In other regions of Eastern Indonesia, Bali and Papua have become the main bases for manufacturing production. The new provinces emerge in this group of regions were North Maluku and West Papua.
The Island of Java and Sumatera have long been recognized as part of Western Indonesia that is more developed than most regions in Eastern Indonesia. Java became the centre of industrial production because of the historical fact that development in Indonesia started on this island. Thus, Java provides numerous advantages for economic agents, specifically the availability of adequate infrastructure and production factors. Notwithstanding this, particular industries are spreading throughout Indonesia, specifically industries which rely on certain production inputs, such as natural resources. Table 1 provides more details of agglomeration industries at the district or regency level. From Table 1 , it appears that Jakarta and surrounds is still the largest pole of manufacturing production activities, with its value-added share to total national industry reaching 48. 
Methodology
Following the seminal work of Farrell (1957) and the pioneering works of Aigner et al. (1977) and Meeusen and Broek (1977) technical efficiency can be derived from stochastic production frontier which can be written as:
where is a random error with zero mean, which is associated with random factors not under control of the firm while is associated with firm technical inefficiency. Technical efficiency (TE) is defined as the ratio between observed output ( ) to the maximum possible output ( * ) of i th firm, that is:
where exp(−u i ) implies that random variable with values between zero and one. To analyse the impact of agglomeration economies upon firm-level technical efficiency, this article applies the one-stage stochastic frontier model proposed by Battese and Coelli (1995) . To estimate the parameters of the stochastic frontier model, the following functional form is specified:
where y is output and x is inputs of production consisting of L (labour), K (capital), M (raw material) and E (energy), t is time, i is firm, ′ are parameters to be estimated, ln denotes natural logarithm, is the stochastic error term, and is technical inefficiency. In this model, the technical inefficiency effect is a function of agglomeration economies' variables.
Following Glaeser et al. (1992) , the agglomeration economies' variables used in this model include specialization or MAR externalities (LQ), diversity or Jacobs' externalities (DIV), and competition or Porter's externalities (COM). Variables of industrial structure and firm characteristics included in the model are firms' age (AGE), size (SIZE), industrial concentration ratio (CR4), and two dummy variables representing urban area (DURB) and industrial complex (DLOC). The technical inefficiency function can be expressed as:
u it =δ 0 +δ 1 LQ it +δ 2 DIV it +δ 3 COM it +δ 4 AGE it +δ 5 SIZE it +δ 6 CR4 it ++δ 7 DLOC it +δ 8 DURB it +w it (4) where is an error term. The stochastic production frontier in Equation (3) and the technical inefficiency function in Equation (4) can be estimated simultaneously in one-stage by using the computer program FRONTIER 4.1 under the maximum likelihood method as developed by Coelli (1996) .
Data and Measurement Variables
This article Table 2 presents the descriptive statistics of variables.
Empirical Results and Analysis
The reliability of empirical results crucially depends on the correct specification of functional form in applied research. The Cobb-Douglas functional form has been widely used in stochastic frontier analysis as this affords maximum flexibility in dealing with data imperfections and combines some other attractive properties with simplicity. However, the major concern of Cobb-Douglas function is its restrictive assumptions including constant technological change. Although the Translog production function is a more general type of production function, it may not provide efficient estimates, because collinearity among the explanatory variables cannot be avoided. Thus, the Translog and the Cobb-Douglas specifications for annual (real value of output) data are sequentially tested by using the respectively. The signs are positive, indicating that an increase in production inputs will increase production output. This estimation result is mostly in line with previous research in Indonesia, such as that of Pitt and Lee (1981) , Margono and Sharma (2006) , Ikhsan (2007) and Suyanto et al. (2009) . The one difference is the magnitude of the coefficient, where by labour contributes most substantially.
To examine the actual influence of the factor inputs upon the output in the production process we calculate the elasticity for each input. Table 4 shows the output elasticity with respect to labour, capital, materials, and energy during the period 2004-2009. All elasticity estimates are positive; of these, the elasticity for materials, with an average of 0.396, is the highest. This is not surprising, because raw materials represent the largest share in the structure of production inputs. In 2009, for example, the expenditure for raw materials in the structure of production inputs was 77.6 percent. The percentage value for this expenditure is similar from year to year. Related to this issue, Aswicahyono et al. (1996) and Dhanani (2000) argue that
Indonesian manufacturing products are dominated by resource-based or simple assemblyprocessed products which causes the industry to rely heavily on raw materials.
The output elasticity for capital is relatively small, 0.166. This is also as expected, as
Indonesian manufacturing is generally dominated by light or labour intensive industries, which do not depend much on capital. As argued by Hill (1990a Hill ( , 1990b , capital intensive industries are mostly related to heavy-processing industries such as chemical and chemical products or heavy-engineering industries such as machines and transport equipment. Moving to the return to scale (RTS), Table 4 In model 3, the coefficient for time trend (T) is positive (0.0347) and significant at 1 percent, suggesting that, in general, technological progress occurs over time. The output level increases 4 The output elasticity of each production input is calculated by taking a partial derivative of the production translog model. Based on Equation 3, the output elasticity of labour is defined as ε L =β L +2β LL (lnL)+β LK (lnK)+β LM (lnM)+β LE (lnE)+β LT (T). The same procedure is used to calculate the output elasticity with respect to capital, materials and energy. These estimates are calculated at the value of the variables. The estimation results in Table 3 show that the coefficient of specialization (MAR externalities)
is negative and significant at 1 percent. This indicates that regions with higher industrial specialization or a high relative level of regional specialization promote higher firm-level technical efficiency. Thus, in the period 2004 to 2009 the more specialized the industries in a particular region relative to the specialization of industries in all regions, the greater that region' firm-level technical efficiency. It also suggests that a high share of a particular or dominant industry in a region will stimulate higher firm-level technical efficiency in that entire region. The positive impact of industrial specialization upon firm technical efficiency ultimately lifts the firm's productivity level as technical efficiency is part of the total factor productivity (TFP).
This finding is in line with previous studies in Indonesia, such as that of Kuncoro (2009) . He analyses the impact of specialization and diversity upon labour productivity in several industries by comparing three different periods: 1990-1995, 1997-2000, and 2001-2003 . This results show that in general the magnitude of the influence of specialization is greater than that of diversity, especially in the textiles, garments, leather, footwear, chemicals and machineries industries. The nature of externalities and agglomeration favour industrial spillovers, that is, localization is seen to be stronger than urbanization effects.
The relative importance of specialization on firms' technical efficiency found in this study is in accordance with the empirical results in various international cases, for example, Nakamura (1985) finds that localization economies positively impact productivity in Japanese manufacturing industries; similarly Henderson (1986) for numerous industries in the U.S. and
Brazil manufacturing industries. Each of these studies is more favourable to the existence of localization economies than urbanization economies. Duranton and Puga (2001) obtain a similar result using French data. Henderson (2003) finds similar result in selected Korean manufacturing industries from 1983 to 1993, whereas MAR externalities positively impact on productivity.
Adopting a different approach, Lee et al. (2010) 
The third dynamic externalities variable in the technical inefficiency function is competition or
Porter's externalities. Similar to that for diversity, the coefficient for competition is positive.
With regard to the definition of competition used in this study, the estimation results indicate that the regions with high level of competition, or the regions dominated by small firms, tend to be more conducive to fostering firm-level technical efficiency. 5 The results also mean that firms located in the competitive regions tend to experience higher technical efficiency than firms located in more oligopolistic or monopolistic regions. This shows that local competition plays a crucial role in the transmission of knowledge spillovers among firms in a particular region. This finding clearly supports Porter's argument regarding the importance of competition for stimulating firm's productivity, a position which is consistent with Jacobs'. While Porter concurs with Jacobs about the role of local competition in the transmission of knowledge across firms, but regarding intra-industries spillovers, he agrees with the MAR specialization hypothesis. To illustrate the nature of competition in Indonesia, Table 5 presents the market environment at the regional level, is specified and measured by province. Based on Table 5 , the competitive provinces are considered to be the regions that are more conducive to firm-level technical efficiency than those regions that have oligopolistic or monopolistic market environments. These competitive regions are dominated by small-and medium-scale industries. However, in reality most provinces' market structures are close to being monopolistic or oligopolistic. These facts confirm that the contribution of large-scale firms to the manufacturing industry is still dominant, even though the competitive regions actually support firm-level technical efficiency than oligopolistic or monopolistic regions. Other important variables in terms of firm's location that are considered as factors influencing firmlevel technical efficiency are urban region/area and industrial complex. Urban area is associated with regions that have adequate and good public infrastructure and facilities. By its nature, this will attract firms to locate in the region. Urban areas generally form through a natural process that follows the development policies adopted by the government. On the other hand, industrial complexes tend to be created by special policies implemented by the government in order to accelerate the performance of particular industries.
The estimation result for the dummy variable of urban area (DURB) is negative and significant at 1% level, implying that firms located in urban areas tend to be more technically efficient than firms located in non-urban areas. This result confirms that urban area is important for stimulating firm-level technical efficiency and productivity. This finding is not surprising, due to the abovementioned fact that urban areas can provide better public facilities and infrastructures. In Indonesia many urban regions are located adjacent to each other, as existing groups' and these groups normally have good access to centres of growth. Theoretically, urban areas may be gainful for industrial agglomeration in terms of regional advantages, home market effect and consumption levels. Home market effect implies that locations with larger local demand attract a more than proportionate share of firms in imperfectly competitive industries (Ottaviano and Thisse 2004) . Moreover, in some aspects urban areas are like cities. Glaeser et al. (2001) mention that cities can provide benefits to firms in ways, such as increased consumption levels through the availability of goods and services, the availability of public goods, and more interaction between firms in the same industry due to the level of density and offer various other economic opportunities.
It is seen in Table 1 that urban regions contribute a high share of value added (85.06%), labour (74.84%), and number of firms (61.72%) to Indonesia's manufacturing industries as a whole.
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This feature supports the hypothesis that firms located in these areas are likely to have higher technical efficiency. Adequate business facilities allow firm to increase the scale of production and then the average production costs declines, indeed it will be beneficial to concentrate the production in specific regions. If firms located in a region with good access to markets, it will stimulate the economic agents to increase production to meet increasing demand (Lall et al. 2004 ).
The second dummy variable ( However, the spirit is the same i.e. to increase the performance of firms by providing better infrastructure and a sound business environment. Table 6 constraint to these interchanges (Marshall 1920) . Further, forms benefit from collective competencies (Storper 1995) and collective learning (Cappelo 2002) .
As well as the variables of agglomeration economies and location, this study includes other variables considered determinants of firm-level technical efficiency, i.e. firm age (AGE), firm 21 size (SIZE), and industrial concentration ratio (CR4). As characteristics of the firm, these variables also represent firm structure and conduct. 
Firm Age (AGE)
The estimation results in Table 3 show that firm age (AGE) has a negative effect upon firm-level technical inefficiency. It indicates that older firms have higher levels of technical efficiency than younger firms. The suggested reason for this finding is that older firms have more experience in handling equipment and surviving in difficult economic conditions than do younger firms.
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Therefore, older firms are likely to carry out their production processes and management more efficiently than younger ones. Thus, the older firm benefits from its accumulated experience in production. As a consequence, they are technically more efficient. This shows the presence of 'learning-by-doing' (Wu 1994) . This result concurs with that of previous studies; for example, Chen and Tang (1987) argue that the firm's experience is central to older firms being more technically efficient than younger firms. More recent studies, such as that by Brouwer et al. (2005) , divide firm age into various categories and their results show the older group of firms are technically more efficient in their production processes. Firm productivity increases with age. Lee et al. (2010) also find a similar result when they analyse Marshall's scale economies and Jacobs' externalities in Korean manufacturing industries. Again, older firms tend to have higher productivity. Similar results are found in: Wu (1994) in Chinese rural textiles firms; Battese and Coelli (1995) for the agricultural sector in Australia, where older farmers are more technically efficient; Henderson (1986) in Brazilian manufacturing industries; and Kalkulis (2010) in semiconductor and pharmaceutical industries in the U.S.
Firm Size (SIZE)
The second variable is firm size (SIZE). Its coefficient is also negative, which implies that larger firms tend to have higher technical efficiency levels than the smaller firms. It also indicates that large firms in Indonesian manufacturing industries can effectively manage their power to control the market so that they can reach an optimal level of technical efficiency and place the small firms or new entrants in the position of 'followers'. This finding is similar to those of the previous research; for example, Pitt and Lee (1981) find that firm size positively effects the technical efficiency level in the Indonesian weaving industry; Bhandari and Ray (2012) find similarly for the Indian textile industry; Fan and Scott (2003) report likewise for furniture and plastic products in Chinese industries; Cingano and Schivardi (2004) for Italian manufacturing industries; Kalkulis (2010) for the semi-conductor and pharmaceutical industries in the U.S; and, finally, Jennen and Verwijmeren (2010) find a similar result in Dutch firms, where size positively impacts firms' financial performance.
Industrial Concentration (CR4)
The third variable is industrial concentration (CR4). The estimation results show a positive sign for this variable, indicating that firms in a competitive business environment will tend to have higher technical efficiency levels than firms in a less competitive market. It also means that an 23 oligopolistic or monopolistic industrial structure is not suitable for driving firm-level technical efficiency. This result is in line with Setiawan et al. (2012) between firms in an industry will reduce levels of market inefficiency. By its nature, competition will stimulate firms to achieve their maximum level of technical efficiency. To investigate the actual market condition for Indonesian manufacturing industries, Table 7 shows the industrial concentration ratio for two-digit ISIC level. From the above table, it appears that the majority of industries have an oligopolistic structure. In 2009, for example, the industrial concentration ratios (CR4) for 11 industries in 2-digit ISIC were greater than 40 percent, with the average for all 23 industries being 42.82 percent. With regard to the estimation results, these facts in Table 7 are actually not conducive to stimulating firm-level technical efficiency. Thus, as mentioned, the oligopolistic and monopolistic structure of Indonesian industries has been widely concerned since the early 1990s. This is because it has been considered as one of the main determinant of market distortion.
Conclusion
This article examines the impact of agglomeration economies upon firm-level technical efficiency by using the flexible translog production frontier. The estimation results for the main production inputs are consistent with the theory, in which labour, capital, material, and energy positively impact the firms' output level. In addition, the empirical results show that MAR externalities (specialization) are more important to firm-level technical efficiency than Jacobs' externalities, implying that knowledge spillovers are more effectively transferred among firms in the same industry than diverse industries. Porter's externalities or local competition also stimulate firm-level technical efficiency. Furthermore, the results confirm that urban area and industrial complex contribute positive effects, indicating that a sound business environment and adequate infrastructures are necessary conditions to improve firm-level technical efficiency.
In terms of firm characteristics, there are several different interpretations. The sign of firm age indicates that older firms tend to have higher technical efficiency than younger firms, as they have longer experience-not only in managing their firms but also in facing external shocks. The higher technical efficiency of larger firms implies that firm size has a positive association with firm-level technical efficiency. For the market structure, the results show that a competitive market stimulates greater firm-level technical efficiency than an oligopolistic or monopolistic market, which is indicated by the positive coefficient of the concentration ratio.
From an industrial policy perspective, the empirical results indicate that industrial agglomeration should be considered by the Indonesian government, especially in formulating national industrial development policy. Industrial agglomeration in Indonesia is confirmed as having positive impact upon the firm-level technical efficiency and it may have an important role in increasing productivity in the long-term. This finding is supported by the fact that manufacturing industries 25 in Indonesia tend to concentrate around centres of growth. Moreover, from a macroeconomic point of view, improved productivity levels can potentially increase earnings, income and standards of living. Economists claim that the level of a country's productivity is proportional to its people's standard of living, indicating that higher productivity contributes to a higher standard of living. Furthermore, as the presence of industrial complexes has a positive effect upon firm technical efficiency, the government should continue to implement this policy by creating the number of industrial complexes needed to promote a better business environment for the firms.
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